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ABSTRACT
Avian Habitat Relationships in the 
Mojave Desert
by
Matthew Eugene Hamilton
Dr. Daniel Thompson, Dr. Donald Baepler, Examination Committee Co-Chairs
Professors of Biology 
University of Nevada, Las Vegas
The relationship between bird community composition and plant community 
composition and structure was studied over three years (1994-1996) in a variety of 
Mojave Desert habitat types. This study addressed two fundamental questions: what plant 
community characteristics are statistically related to bird species diversity and the density 
of individual bird species, and what is the affect of neighboring habitat on bird species 
composition? Three habitat types were surveyed, Larrea scrub, Larrea scrub with Yucca 
and Opuntia, and Coleogyne scrub with Yucca. Bird species richness varied from 1 to 10 
species, with the Coleogyne sites having the most species and the Larrea sites having the 
least. The black-throated sparrow {Amphispiza bilineata) was the only species found on 
all sites. Bird community parameters were found to be significantly different between 
habitat types but there was no affect of neighboring habitat on bird communities. 
Physiognomic cover diversity explained most of the variation in the bird community 
parameters based upon linear regression. In summary, bird species richness increased with 
increasing plant structural diversity due presumably to an increase in nest site niches.
iii
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Chapter 1
INTRODUCTION 
History of Bird Community Studies 
A main interest in ecology is to understand the association between environmental 
factors and patterns of species distribution. This includes both patterns o f individual 
species habitat selection as well as patterns of species diversity in different areas (BCnopf et 
al. 1990, James 1994). Bird species and bird communities have often been the focal point 
o f these studies due to the ease with which birds can be counted and the general interest 
the public expresses toward birds. Vegetation has long been thought to be a major factor 
in determining both individual bird species distributions and bird community composition 
either due to the resources provided directly by vegetation, such as nest sites, or resources 
that are correlated with vegetation, such as food type and density. Ornithologists in the 
early 1900's hypothesized that individual species selected habitats that contained their 
required plant characteristics (Hilden 1965). In addition, researchers hypothesized that 
habitats with more diverse vegetation characteristics contained more bird species since 
these habitats contained more niches for the birds to fill. The vegetation structure 
(physiognomy) of the habitat was thought to be more important to both individual species 
and species composition than the plant species composition (floristics) of the habitat. The 
exception to this was bird species that had narrow requirements for certain resources such
1
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2as nest sites. Species such, as cavity nesting birds may select habitats based on certain 
plant species that provide the cavities for nesting (Hilden 1965).
One of the first studies to show a statistical relationship between plant 
physiognomy and bird species diversity was done by MacArthur and MacArthur (1961) 
studying bird communities in different forests in the eastern U.S. and Panama. Their 
research showed a linear relationship between bird species diversity (using both richness 
and evenness) and foliage height diversity (the diversity of foliage densities at different 
plant height intervals). They also found that plant species diversity, while explaining some 
o f the pattern of bird species diversity, was not correlated as well with bird species 
diversity as foliage height diversity. Their work led to increased interest in bird - habitat 
relationships. The importance of foliage height diversity in determining bird species 
diversity was supported by MacArthur et al. (1962), MacArthur (1964, 1966), Recher 
(1969), Austin (1970), Karr and Roth (1971), Wilson (1974), and Rice et al. (1983). 
Studies done on other organisms also found increasing species diversity with increasing 
number and diversity o f habitat layers (Rosenzweig 1995).
Alternatively, some avian community studies found other physiognomic factors in 
addition to or separate fi'om foliage height diversity to be important, including horizontal 
patchiness (the variation of plant densities among different patches within a site 
(MacArthur 1964, Roth 1976), vertical patchiness (the covariation of plant heights 
between patches) (Rotenberry and Wiens 1980b), density o f vegetation at particular strata 
(TKarr and Roth 1971), percent vegetation cover (Karr and Roth 1971, Wilson 1974), 
canopy cover and height (James and Wamer 1982), and physiognomic cover diversity (the 
diversity of different physiognomic plant types such as forb, shrub, cacti, etc.) (Tomoff
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
31974). These studies all found that bird species diversity increased with an increase in 
specific physiognomic factors which were inferred to be correlated with niche space and 
diversity.
Similar relationships between bird communities and habitat physiognomy were 
found when researchers studied the distribution and density of individual bird species. 
Wiens (1969) and Rotenberry and Wiens (1980b) determined that horizontal patchiness of 
the vegetation was a significant factor in the distribution of many shrubsteppe and 
grassland bird species. Cody (1981) has demonstrated the importance o f density of 
specific vegetative strata in the distribution o f two genera of warblers in the family 
Sylviidae. Sedgwick (1987), working in pinyon-juniper woodlands, correlated species 
distributions with canopy height and canopy cover.
Many of these studies did not consider floristics or found floristics to be a poorer 
predictor of bird species patterns than physiognomy. However, a few studies found that, 
contrary to prevailing thought, floristics in addition to physiognomy was an important 
determinant of bird species diversity and species distributions in certain habitats. Tomoff 
(1974) found that choUa and saguaros provided critical nest sites for cactus wrens, 
thrashers, and black-throated sparrows and thus was correlated with the distribution and 
density of these species. Wiens and Rotenberry (1981), working in shrubsteppe 
environments, determined that densities of certain plant species were more significant than 
physiognomy in explaining the distribution of bird species. Rotenberry (1985) found 
floristics to be more important than physiognomy in explaining species diversity in 
grassland habitats. James and Wamer (1982) and Sedgwick (1987) both determined 
species richness of either trees or shrubs to be an important factor in both habitat selection
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4and bird species richness. MacNally (1990) found both floristics and physiognomy to be 
important while working in Australia.
As more studies were done, it became apparent that the scale of the study played 
an important part in understanding the importance of various habitat characteristics. 
Habitat characteristics found to be important at a continental or regional scale differed 
from important characteristics at local scales nested within the larger scale (Wiens 1981). 
Knopf et al. (1990) found physiognomy to be important at a regional scale but floristics 
more important at a local scale. Wiens et al. (1987) showed different patterns of habitat 
selection at each level of analysis in their study. Rotenberry et al. (1979) and Maurer 
(1985) found that different habitat characteristics were important at different times within 
the breeding season. Rotenberry and Wiens (1980a) looked at between-year variation in 
bird habitat selection and found that because vegetation structure and composition 
changed very little between years, it could not explain fluctuations in bird diversity and 
density. James (1994), working on lizard communities, also found variation between years 
that could not be explained by changes in vegetation.
One factor found to be important in a few studies was the effect of surrounding or 
neighboring habitat on the composition of bird species. Shurcliff (1980) determined that 
the most significant factor in the similarity of bird species between sites in an Australian 
arid mountain range was the proximity of the sites and not the structure or composition of 
the vegetation. Cody (1993) found little relationship between avian species composition 
and vegetation in a study in Australia and attributed this to the affect of spillover fi'om 
neighboring habitats that clouded the relationship with vegetation. This spillover is due to 
what Shmida and Wilson (1985) call mass effects. As a species fills up its preferred
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5habitat, individuals may disperse into less suitable habitats where their reproductive 
success is lower. The lower reproductive success o f the species in these less suitable 
habitats is unable to maintain the species numbers in this habitat over time, relying on the 
more suitable source habitat to provide new individuals each year (Pulliam and Danielson 
1991). These source sink dynamics could lead to sink habitats that are neighboring source 
habitats to have increased species density or diversity compared to a similar habitat that is 
farther away from the source habitat.
Desert Bird Community Studies 
Most bird-habitat studies have been carried out in forested areas or in 
shrubsteppe-grassland habitats. Few studies have looked at habitat selection in the desert, 
excluding the cold desert or shrubsteppe. Austin (1970) found foliage height diverstiy to 
be correlated with bird species diversity in desert riparian areas in the Mojave Desert. 
Tomoff (1974) worked in the Sonoran Desert and found significant associations between 
physiognomic cover diversity, the density of cholla, and bird diversity. While foliage 
height diversity was not found to be as important as physiognomic cover diversity, Tomoff 
suggested that the two measures were intercorrelated because increased foliage height 
diversity on the sites was caused by the addition of different physiognomic types of plants. 
Mares (1977) found results similar to Tomoff in the Monte Desert in Argentina. Shurcliff 
(1980), working in arid mountains in Australia, found variation in life form diversity and 
plant species diversity to be important. Vander Wall and MacMahon (1984) determined 
that foliage height diversity and physiognomic cover diversity were the major factors 
affecting bird species diversity on a Sonoran Desert bajada, but many individual species
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6were correlated with specific plant species used for nesting. Working in the Chihuahuan 
Desert, Naranjo and Raitt (1993) showed that bird species diversity was related to habitat 
patchiness, whereas habitat selection was equally related to floristics.
While these studies do not exhaustively cover all of the deserts or all of the habitat 
variation within the deserts, several generalizations can be made for avian habitat 
relationships in deserts based on these results. First, bird species diversity increases with 
increasing physiognomic cover diversity or patchiness of the environment. Second, certain 
plant species are important in the habitat selection of certain bird species due to nesting 
requirements. One such plant is Opuntia (cholla) which has been found to be an important 
nest plant for several bird species including cactus wrens, thrashers, and black-throated 
sparrows (scientific names for all bird species mentioned can be found in Table 1 and 
Appendix A). No studies o f avian diversity-habitat relationships have been conducted in 
the northern Mojave Desert except for those of Austin (1970) who focused on desert 
riparian areas, but not arid scrub habitats. Due to differences in temperature and rainfall 
regimes, this area differs in habitat structure fi'om the more mesic regions of the Sonoran 
Desert and the Chihuahuan Desert. In addition, this portion of the Mojave Desert has 
different plant species and bird species (Table 1) than the other deserts studied. These 
differences in habitat structure along with different bird and plant species pools could lead 
to different patterns in the relationship of habitat with bird community composition and 
individual bird species habitat selection.
The birds that nest in the Mojave Desert of southern Nevada have several different 
nesting strategies. These nesting strategies influence what habitat types these species wül 
nest in and thus the community composition of these habitats. The black-throated
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 1: Potential breeding bird species in the eastern Mojave Desert. Bird species listed 
are those species, excluding raptors, potentially breeding in Larrea, Larrea-Yucca, or
Common Name Scientific Name
Gambel's Quail Lophortyx gambelii
Mourning Dove Zenaida macroura
Roadrunner Geococcyx califomianus
Lesser Nighthawk Chordeiles acutipennis
Poorwill Phalaenoptilus nuttallii
Broad-tailed Hummingbird Selasphorus platycercus
Ladderback Woodpecker Picoides scalaris
Ash-throated Flycatcher Myiarchus cinerascens
Homed Lark Eremophila alpestris
Common Raven Corvus cor ax
Cactus Wren Campylorhynchus brunneicapilliis
Rock Wren Salpinctes obsoletus
Northern Mockingbird Mimus polyglottus
LeConte's Thrasher Toxostoma lecontei
Loggerhead Shrike Lanius ludovicianus
Scott's Oriole Icterus parisorum
Black-throated Sparrow Amphispiza bilineata
House Finch Carpodacus mexicanus
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8sparrow, the most common species in desert scrub habitats, builds nests in low shrubs and 
Opuntia (Tomoff 1974, Ehrlich et al 1988). LeConte's thrashers, roadrunners, and cactus 
wrens build nests mainly in Opuntia but also in Yucca sp. (Ehrlich 1988, Naranjo and 
Raitt 1993). Northern mockingbirds, Scott's orioles, and loggerhead shrikes build nests 
mostly in Yucca (Ehrlich 1988, Naranjo and Raitt 1993). Ladderback woodpeckers and 
ash-throated flycatchers are cavity nesters that nest in holes in the trunks o f Yucca or trees 
at higher elevations. Homed larks, westem meadowlarks, nighthawks, and poorwills are 
ground nesters. Mourning doves will build nests fi'om directly on the ground to within 
shrubs or Yucca (Ehrlich 1988).
Objectives and Hypotheses 
This study was designed to relate attributes of habitat physiognomy and floristics 
to bird species diversity and individual species habitat selection in the northem Mojave 
Desert. The results were then compared to the pattems found in other deserts. This study 
also tested the hypothesized affects of the proximity o f higher diversity habitats on local 
bird species diversity and density. The following hypotheses were tested:
1. Physiognomy, especially physiognomic cover diversity, explains most of 
the variation in bird species diversity and richness between sites. Sites with higher 
diversity of plant fife forms will support more bird species due to the 
availability of structurally different nest sites. Thus, bird species richness and 
diversity will increase as one moves fi'om less complex Larrea scrub through more 
covaçlsx. Larrea-Yucca-Optmtia scrub and into Coleogyne-Yucca scmb.
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92. Floristics is the most important factor influencing individual species densities 
(habitat selection). Therefore, most bird species will increase in density as their 
specific nest plant increases in density.
3. Species richness and diversity are higher on sites adjacent to more structurally 
complex habitats than similar sites that are distant firom such habitats due to 
dispersal of birds firom adjacent sites with high habitat complexity.
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Chapter 2
METHODS
Sites
The study was conducted in the eastern Mojave Desert in the Las Vegas area over 
three consecutive years, 1994-96. In 1994, four 64 hectare (158 acre) sites were 
surveyed. Three of the sites were 800 m by 800 m and one site was 1600 m by 400 m. 
These sites consisted of two structurally simple Larrea tridentata (creosote bush) scrub 
sites with no Yucca spp. or Opuntia (cholla) and two more structurally complex Larrea 
scmb sites that included Yucca and Opuntia species. The results of the 1994 surveys were 
used to judge how large of a site could be efficiently surveyed while still capturing most of 
the bird diversity present on the sites. Based on the 1994 results, twelve 36 hectare (89 
acre) sites, including the four from 1994, were surveyed in 1995 and 1996 (Figure 1).
Each site was 600 m by 600 m except two sites that were 900 m by 400 m. These sites 
consisted of four stmcturally simple Larrea sites, four stmcturally more complex Larrea- 
Yucca sites (called Yucca sites from now on), and four stmcturally complex Coleogyne 
ramosissima (blackbmsh)-yMCcnr sites (called Coleogyne sites from now on). In addition, 
in order to study the effects of spillover, each set of four sites was comprised of two sites 
that were next to more stmcturally complex sites and two sites that were surrounded for 
for some distance by stmcturally similar sites. Thus, two of the Larrea sites were located
10
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Figure 1. Location of bird survey sites. L - Larrea. Y - Yucca. C - Coleogyne. 
LI- Harry Allen. L2 - Lovell Wash. L3 - U.S. 93. L4 - State Route 160.
Y1 - Harry Allen. Y2 - Tecopa Rd. Y3 - U.S. 93. Y4 - Sandy Valley.
Cl - Red Rock. C2 - Sandy Valley. C3 - Lovell Canyon. C4 - Mud Springs.
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bordering Yucca sites; two of the Coleogyne sites were bordering pinyon-juniper habitat.
It was not possible to locate Yucca sites near a more structurally complex site since none 
existed. Thus this habitat type was split into two sites that contained Yucca schidigera 
(Mojave yucca) but no Yucca brevifolia (Joshua tree) and two sites with both species of 
Yucca. These twelve sites, therefore, encompassed a wide range of Mojave Desert scrub 
communities that can be found in the vicinity of Las Vegas.
Site Descriptions 
Larrea Sites
LI - Harry Allen
This Larrea site, surveyed all three years, is located northeast of Las Vegas off of 
Interstate 15 and U.S. 93 near Apex in Dry Lake Valley. It is 610 m in elevation and is 
fairly flat. Other plants on this site besides Larrea include Ambrosia dumosa (white 
bursage), Krameria parvifolia (range ratany). Ephedra nevadensis (Mormon tea), 
Pleuraphis rigida (bunchgrass), Menodora spinescens (spiny menodora), and a few 
Lycium andersonii (boxthom). This site is surrounded by similar Larrea vegetation for 
several hundred meters.
L2 - Lovell Wash
This Larrea site, located west of Las Vegas off of State Route 160 near Lovell 
Wash, was surveyed in 1995 and 1996 and is 1200 m in elevation. Other plants on the site 
include Ambrosia, Krameria, Lycium, Ephedra, and Krascheninnikovia lanata (winter 
fat). This site is surrounded for several hundred meters by similar vegetation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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L3 - U.S. 93
This Larrea site is located northeast of Las Vegas off of U.S. 93 in Hidden Valley, 
west o f Dry Lake Valley. This site was also surveyed all three years and is at 840 m in 
elevation. In order to ensure that most of the site was structurally similar, this site was 
900 m by 400 m (1600 m by 400 m in 1994) instead o f 600 by 600 m with the longer 
portion running north-south. Other plants on this site include Ambrosia, Kram eria, 
Lycium, and a few Yucca brevifolia and Y. schidigera. The eastern portion (100 to 150 
m) of the site was also covered heavily hy Eriogonum inflatum (desert trumpet), which 
greatly reduced the amount of bare ground. This site was bordered by more complex 
Yucca vegetation, thus the presence of the Yucca spp. on the site.
L4 - State Route 160
This Larrea site, located off the north side of State Route 160 west o f Las Vegas 
on the westem side of the Spring Range, was surveyed in 1995 and 1996 and is 1030 m in 
elevation. Other plants on this site include Ambrosia, Krameria, Lycium, Salvia dorrii 
(sage). Ephedra, Salazaria mexicana (paperbag bush), and a few Yucca brevifolia and 
Opuntia echinocarpa (silver cholla). This site borders the more structurally diverse Yucca 
community type, thus the presence of the Yucca and Opuntia.
Yucca Sites
Y1 - Harry Allen
This site, located near the LI site off of 1-15 and U.S. 93. It is located just 
southwest o f the Harry Allen Electrical Substation, was surveyed all three years and is at 
650 m in elevation. Other plants besides Larrea include Yucca schidigera. Ambrosia, 
Krameria, Psorothamnus frem ontii (indigo bush). Salvia, Ephedra, Hymenoclea salsola
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(cheese bush). Opuntia, other cacti (e.g., barrel cactus, hedgehog cactus, prickly pear), 
and a few Salazaria. This site did not have any Y. brevifolia.
Y2 - Tecopa Road
This site, located west of Las Vegas off of Tecopa Road near State Route 160, 
was surveyed in 1995 and 1996 and is at 910 m in elevation. Plants on this site include 
Larrea, Yucca schidigera. Ambrosia, Krameria, Lycium, Salvia, Ephedra, 
Krascheninnikovia, and Salazaria. This site had no Y. brevifolia or Opuntia. The 
vegetation on this site was fairly clumped, with large amounts of intervening desert 
pavement.
Y3 - U.S. 93
This site, located near the L3 site in Hidden Valley at 880 m in elevation, was 
surveyed all three years. Plants on this site include Larrea, Yucca schidigera, Y. 
brevifolia. Opuntia, Ambrosia, Krameria, Lycium, Salvia, Psorothamnus, Ephedra, 
Hymenoclea, and other cacti.
Y4 - Sandy Valley
This site, located west of Las Vegas off of Sandy Valley Road near the westem 
base o f Mount Potosi, was surveyed in 1995 and 1996 and is at 1050 m in elevation.
Plants on this site include Larrea, Yucca schidigera, Y. brevifolia. Opuntia, Ambrosia, 
Krameria, Lycium, Salvia, Ephedra, Menodora, Hymenoclea, and other cacti.
Coleozwie Sites
Cl - Red Rock
This site, located west of Las Vegas at 1190 m in elevation off of State Route 160 
on the eastem side of the Spring Range, is within the Red Rock Canyon Conservation
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Area and was surveyed in 1995 and 1996. Plants include Coleogyne, Ambrosia,
Krameria, Lyciian, Psorothamrms, Salvia, Ephedra, Menodora, Thamnosma montana 
(turpentine bush), Hymenoclea, Salazaria, Tetradymia sp. (cotton thorn), 7. schidigera,
Y brevifolia. Opuntia acanthocarpa (buckhom cholla), and other cacti. This site is 
surrounded by similar vegetation for hundreds of meters.
C2 - Sandy Valley
This site is located off o f Sandy Valley Road on the western side o f  the Spring 
Range at 1320 m in elevation. Plants on this site include Coleogyne, Larrea, Ambrosia, 
Krameria, Lycium, Salvia, Ephedra, Menodora, Krascheninnikovia, Pleuraphis, Y  
schidigera, Y  brevifolia, and Opuntia echinocarpa. This site is surrounded by similar 
vegetation.
C3 - Lovell Canyon
This site is located off of Lovell Canyon Road on the western side o f the Spring 
Range at 1500 m in elevation. Plants include Coleogyne, Salvia, Ephedra, Menodora, 
Thamnosma, Krascheninnikovia, Hymenoclea, Pleuraphis, Salazaria, Tetradymia, 
Atriplex, Y. brevifolia, Y. baccata ÇBanana yucca), a few Opuntia echinocarpa, and Pinus 
edulis (pinyon pine) and Juniperus. This site alternates between ridges and ravines with 
Pinus and Juniperus in the ravines. The trees increase in number north of the site as 
elevation increases.
C4 - Mud Springs
This site is located on the eastern side o f the Spring Range near State Route 160 
within the Red Rock Canyon Conservation Area at 1310 m in elevation. Plants include 
Coleogyne, Krameria, Lycium, Psorothamrms, Salvia, Ephedra, Menodora, Thamnosma,
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Hymenoclea, Pleuraphis, Salazaria, Eriogonum fasiculatum  (buckwheat), Atriplex sp. 
(saltbush.), Pinus (pinyon), Juniperus sp. (juniper), Quercus turbinella (scrub oak). 
Prunus fasciculata  (desert almond). Yucca schidigera, and Opuntia acanthocarpa. This 
site is near the base o f the Spring Range and slopes from west to east. It is also cut by 
several washes that are filled with large boulders. Above the site, the Pinus, Juniperus, 
and Quercus increase in number.
Bird Diversity Measurements 
To survey the birds on each site, a 100 m by 100 m grid was set up using flagging 
tape. Bird species richness and individual species densities were measured at each site 
using the spot mapping method (Kendeigh 1944, Hall 1964, ICBN 1970). Using this 
method, each site was surveyed by walking through the site and recording bird sightings 
on a scale grid map of the site. The gridding flags were used as reference points to more 
accurately record the location of each bird. For each sighting, behavior such as singing or 
territorial defense was recorded along with concurrent sightings o f two or more singing 
males. The location of any nests found was also recorded although nests were not 
systematically searched for due to time constraints and the size of the sites. A different 
map was used for each site for each visit. The sites were visited at least eight times 
throughout the breeding season (March to June), thus meeting ICBN (1970) requirements. 
In general, each site was visited once every two weeks, and each visit was made within an 
hour of sunrise. More visits during the breeding season were not possible due to the 
number of sites surveyed. In addition to the spot mapping method, the consecutive flush 
method was used when possible (Wiens 1969). This method involves flushing a territorial
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bird several times and recording its flight path in order to get a more complete map of its 
entire territory.
At the end o f each breeding season, the field maps for each site were transcribed 
onto one master map for each site. From these data, the location of territories of all 
breeding birds on each site were determined using the guidelines of the ICBN (1970), 
relying heavily on concurrent sightings of singing males, nests, and consecutive flush data. 
Individual birds were not counted as breeding on a site if they were not seen during at 
least three surveys unless a nest was found. Thus fi"om each site's master map, bird 
species richness and individual species densities were determined. This information was 
then used to calculate several diversity indices for each site. Besides species richness 
(total number o f species), species diversity was calculated using Simpson's Index with the 
equation:
S = 2  p;= proportion of total bird density
and Shannon's Index with the equation:
H =  - E P ' i o g  Pi 
Evenness was calculated using Hill's Index with the equation:
E = (1/S) /(e^)
In addition, the total biomass of each bird species was calculated using data fi'om the 
Barrick Museum of Natural History (Baepler, personal communication).
Plant Measurements 
Each year after the bird surveys were completed, plant measurements were made 
on each site using similar methods to those employed by Rotenberry and Wiens (1980b)
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and Wiens et al (1987) to measure physiognomy, patchiness, and floristics (Table 2). 
Random points within each 100m by 100m section of each site were used to take the plant 
measurements, thus giving 36 sample points per site (64 in 1994). At each sample point, 
plant species diversity and density were measured using the point to plant method (Cottam 
and Curtis 1956, James and Shugart 1970). At each point, the distance to the nearest 
plant o f each plant species was measured and its height and width recorded. The distance 
measurements were used to calculate densities of each plant species on the sites. Some 
studies done in the Mojave Desert have shown a tendency for the shrubs to occur in 
clumps and not randomly as assumed by the point to plant method (Shmida and Whittaker 
1981). This could lead to an under estimation of the density of the plants on the sites. To 
test for randomness, the point to plant measurements were compared to nearest neighbor 
measurements and the assumption of randomness was not found to be violated.
The densities calculated from the point to plant measurements were then used to 
calculate plant species diversity using Shannon's Index. Since forbs were found on all sites 
and so numerous that they would outweigh all other plant species, they were not included 
in the calculation of plant species diversity, but forb density was included as in individual 
plant parameter in the statistical analysis in case a bird community parameter was related 
to forb density. The plant species were then grouped into physiognomic classes (woody 
shrub, herbaceous shrub. Yucca, Opuntia, tree, and Pleuraphis). These classes were then 
used to calculate the physiognomic cover diversity (using Shannon's Index) on the sites. 
Foliage height diversity (using Shannon's Index) was calculated based on the proportion of 
plants (based on densities) that fell within three height classes: 0-1 m, 1-2 m, and >2 m, 
the same height intervals used by Austin (1970) and Tomoff (1974). Height and width
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Table 2: Plant measurement abbreviations and descriptions used in this study. The plant
Plant Measurement Description
Floristic Measurements
Den Density of plant species per hectare based on point to 
plant mesurements.
Vol Volume of plant species based on height and width 
mesurements.
Vol/HA Volume * Density. Volume of plant species per 
hectare.
PlShan Plant species diversity calculated using Shannon's 
index.
Physiognomic Measurements
TotDens Density of all plants per hectare.
TotVol Volume of all plants per hectare.
BareGr Percent bare ground per hectare.
PCD Physiognomic cover diversity.
PIWDY, PIHERB, PITREE, 
PIYUCCA, PICHLA, 
PIFORB
Proportion of woody, herbaceous, tree. Yucca, 
Opuntia, and Pleuraphis per site. Used in calculating 
PCD.
FHD Foliage height diversity.
pro, PIl, PI2 Proportion of vegetation <1 m, 1-2 m, >2 m on the 
site. Used in calculating FHD.
TOTHIT Total number of vegetation hits per sample point.
MaxHIT Maximum height making contact per sample point.
MinHIT Minimum height making contact per sample point.
Patchiness Measurements
TOTHITSD, MaxHITSD, 
MnHTSD, TotDensSD, 
PlShanSD, PCDSD, FHDSD
Standard deviations of these physiognomic and floristic 
measurements.
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were used to calculate plant volume for each species. Volume was calculated assuming 
that each plant approximated an inverted cone except for Quercus and Juniperus, which 
were approximated as spheres. The following equations were used to calculate volumes: 
V (cone) = 7C w^ h /  3 V (sphere) = 4 tc w^ h / 3
No volume was calculated for the Yucca spp. Plant volume for each species was then 
multiplied by its density in order to calculate the volume of that plant species per hectare.
To measure percent bare ground, four samples were taken at each random point. 
The samples were located I meter from the random point in each of the compass 
directions. At each sample, a slender rod was passed through the vegetation (if any) and 
the number o f contacts made with plants in each 10cm segment was recorded along with 
the species making the contact. Percent bare ground was calculated from the number of 
points not making contact with any vegetation. These measurements were also used to 
calculate measures of the vertical patchiness such as total number of contacts at each of 
the 36 sample points and the minimum and maximum height making contact. All plant 
statistics were calculated for each of the 36 sample points, which allowed for a standard 
deviation to be calculated. These standard deviations were used as an indication 
of the vertical (minimum, maximum, and total number of hits) and horizontal patchiness at 
each site.
Analysis of Data 
Dispersal from Adjacent Habitat 
The influence of neighboring sites was evaluated by using nested ANOVA to 
compare the sites that were close to more diverse sites with the sites that were surrounded
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
21
by similar vegetation. The proximity o f the site to neighboring habitats (near vs. far) was 
nested within the three habitat types. This was done on both the 1995 and 1996 data. 
Even though habitat type is in reality a continuous variable, it was considered a discrete 
class in the ANOVA analyses. The affect of birds dispersing from neighboring habitats 
was analyzed at the community level using Hül's index, species richness, total number of 
birds, and total mass. It was also analyzed at the species level using black-throated 
sparrows and ash throated flycatchers since these were the only two that occurred in all 
three habitat types.
Influence of Habitat and Year 
The difference between the three habitat types and two years along with the habitat 
by year interaction was analyzed by using ANOVA. This was analyzed at the community 
level using Hill's index, species richness, total number of birds, and total mass. It was 
analyzed at the species level using black-throated sparrow, homed lark, cactus wren, and 
ash-throated flycatchers. The same analysis was then repeated for the four original sites 
for the three years they were surveyed.
Relationship of Plant measurements with Bird Measurements 
The statistical relationship between all bird measurements, both community and 
individual, and all plant measurements, both floristic and physiognomic, was analyzed 
using the nonparametric Pearson product-moment correlation test. Relationships were 
deemed significant at p<0.05. This was done for all three years separately and combined.
Stepwise linear regression was then used to determine which plant measurement 
accounted for the most variation in bird species richness and the diversity indices and 
individual species distributions. Unlike the ANOVA analyses, the habitat parameters were
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considered to be continuous variables for the linear regression analysis. This was done for 
all three years separately and for the three years combined. Since many o f the plant 
measurements are intercorrelated, principal components analysis was used to reduce the 
dataset. This procedure was performed on all the plant measurements and then on only 
the plant densities, only the plant volumes, and only on the physiognomic measurements, 
respectively. Stepwise linear regression was then performed again on these new variables 
to see if they better accounted for variations in bird measurements than the individual 
measurements alone.
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Chapter 3 
RESULTS
During the three years of the study, precipitation amounts varied between years 
with two dry years (1994, 1996) interrupted by a fairly wet year (1995). Precipitation 
amounts for the ecological year (October to September) for McCarran International 
Airport in Las Vegas were as follows: 1994 - 40.64 mm; 1995 - 128.02 mm; 1996 - 42.93 
mm (data obtained from the National Climate Data Center). While precipitation in the 
Mojave Desert can vary greatly over short distances due to localized cloud bursts, 
McCarran Airport is centrally located to the twelve sites and is assumed to be a good 
indicator of wide scale rainfall patterns in this area of the Mojave Desert.
Bird community parameters and individual bird species densities varied markedly
between the three habitat types and between years (3 years for 4 of the sites). Average
community parameters and selected bird species densities for each habitat type are listed in
Table 3. Averages for the four original sites for all three years are listed in Table 4.
Community parameters and all bird species densities for each study plot are given in
Appendix A. Overall, species richness varied from 1 to 10 species and the total number of
birds per site varied from 7 to 37. A combined total of 18 species were judged to be
nesting on the sites during the study. On average, the Coleogyne sites had the most
species, the most birds, the highest bird biomass, and the lowest evenness as measured by
Hill's index (Table 3, Fig. 2-5). The exception to this was site Y3 in 1995, which had the
23
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Table 3: Average bird community parameters and selected species densities for the threee 
habitat types {Larrea, Yucca, Coleogyne) in 1995, 1996, and for the two years combined. 
There are four sites per habitat type each year and thus eight sites per habitat type when 
combined. Standard deviations are listed in parentheses. For the bird species: BTSP - 
black-throated sparrow; HOLA - homed lark; ATFC - ash-throated flycatcher; CAWR - 
cactus wren.
Year Larrea sites Yucca sites Coleogyne sites
HSll's index 1995 0.9007 (0.0679) 0.7093 (0.0701) 0.6815 (0.0230)
1996 0.9078 (0.0542) 0.7705 (0.0702) 0.6729 (0.0780)
Combined 0.9042 (0.0570) 0.7399 (0.0728) 0.6772 (0.0535)
Species richness 1995 2.5 (1) 5.8 (2.9) 6.3 (1.3)
1996 2.5 (0.6) 5.0 (0.8) 7.5 (1.3)
Combined 2.5 (0.8) 5.4 (2.0) 6.9 (1.6)
Total bird density 1995 19.5 (5.0) 23.9 (9.0) 25.8 (3.9)
1996 15.6 (8.7) 16 (2.2) 29.9(3.3)
Combined 17.6 (6.9) 19.9 (7.4) 27.8 (4.0)
Biomass of birds 1995 750 (289) 997 (486) 1035 (287)
Cg) 1996 634 (427) 751 (123) 1249 (279)
Combined 692 (343) 874 (353) 1142(286)
BTSP 1995 14.4 (2.4) 16.4 (4.1) 16.8 (0.6)
1996 10.1 (5.2) 9.3 (2.6) 19.4 (2.9)
Combined 12.3 (4.4) 12.8 (5.0) 18.1 (2.4)
HOLA 1995 4.3 (3.0) 0 0
1996 4.5 (3.7) 0 0
Combined 4.4 (3.1) 0 0
ATFC 1995 0.5 (1.0) 3.3 (1.9) 2.5 (0.6)
1996 0.8 (1.0) 3.3 (1.7) 3.0 (2.4)
Combined 0.6 (0.9) 3.3 (1.7) 2.8 (1.7)
CAWR 1995 0 1.3 (0.5) 0.5 (1)
1996 0 1.3 (1.0) 1.0 (0.8)
Combined 0 1.3 (0.7) 0.8 (0.9)
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Table 4: Average bird community parameters and selected species densities for the two 
habitat types of the four original sites surveyed for 1994, 1995, 1996, and with all three 
years combined. Standard deviations are in parentheses. There are two sites per habitat 
type for each year and six per habitat type when combined. Bird species abbreviations are 
the same as those used in Table 3.
Year Ljirrea sites Yucca sites
Hüll's index 1994 0.9475 (0.0338) 0.7364 (0.0307)
1995 0.9434 (0.0800) 0.6841 (0.1028)
1996 0.9327 (0.0763) 0.8195 (0.0359)
Combined 0.9412 (0.0522) 0.7466 (0.0793)
Species richness 1994 2(0) 6.5 (0.7)
1995 2(1.4) 7(4.2)
1996 2(0) 5(0)
Combined 2 (0.6) 6.2 (2.1)
Total bird density 1994 13.2(6.8) 21.8 (1.0)
1995 19 (8.5) 29.8 (10.3)
1996 9.5 (3.5) 16.5 (0.7)
Combined 13.9 (6.7) 22.7 (7.5)
Biomass of birds (g) 1994 473 (304) 959 (36)
1995 671 (453) 1262 (653)
1996 348 (179) 854(16)
Combined 497 (295) 1025 (348)
BTSP 1994 9.7 (2.2) 13.8 (1.2)
1995 15.3 (3.2) 19.8(1.8)
1996 6.5 (0.7) 8 (1.4)
Combined 10.5 (4.3) 13.8 (5.4)
HOLA 1994 3.4 (4.8) 0
1995 3.5 (4.9) 0
1996 2.5 (3.5) 0
Combined 3.1 (3.5) 0
ATFC 1994 0 5.1 (0.8)
1995 0 4(2.8)
1996 0.5 (0.7) 4.5 (0.7)
Combined 0.2 (0.4) 4.5 (1.4)
CAWR 1994 0 1.1 (0.8)
1995 0 1.5 (0.7)
1996 0 2(0)
Combined 0 1.5 (0.6)
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Figures 2 & 3. Graphs of (2) bird species richness and (3) total bird density per site for 
1994 to 1996.
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Figures 4 & 5. Graphs of (4) total bird biomass and (5) Hill's Index (evenness) per site for 
1994 to 1996.
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most species (10), the most birds (37), the highest biomass, and the lowest evenness of all 
the sites that year (Fig. 2-5). Both the Coleogyne and Yucca sites had more species than 
the Larrea sites (Table 3, Fig. 2). Between 1995 and 1996, there was a decline in the 
number of individual birds seen on the Larrea and Yucca sites and an increase on the 
Coleogyne sites (Table 3, Fig. 3).
Black-throated sparrows were the only bird species seen on all twelve sites 
including being the only bird species considered nesting on site L3 in 1995 (Appendix A). 
They were also the most numerous of any species on all the sites ranging from 44 to 100 
percent of the birds observed. Their densities, though, changed between years with the 
densities on Larrea and Yucca sites generally decreasing from 1995 to 1996 and densities 
on Coleogyne sites increasing (Table 3). Homed larks were the next most numerous 
species on sites where they occurred but were only found on 3 of the 12 sites, all of which 
were Larrea sites. The ash-throated flycatcher was the next most numerous species and 
the second most common, occurring on 10 of the 12 sites each year. They were also 
found in all habitat types. The rest of the bird species counted either occurred in low 
numbers (1 or 2 pairs) on several sites in both Yucca and Coleogyne habitat types or 
occurred in low numbers on only 1 or 2 sites or in only one habitat type (Appendix A).
Statistical Analysis
The first test mn was a nested ANOVA of the difference between sites neighboring 
a more complex habitat type (spillover) and isolated sites for 1995 and 1996. A separate 
analysis was conducted for each of the bird community parameters. The densities of the 
black-throated sparrow and ash-throated flycatcher were also tested since these were the
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two bird species that were recorded in all three habitat types. The averages for spillover 
and isolated sites in each habitat type are listed in Table 5. The results of the nested 
ANOVA analysis (Table 6) of the affect of neighboring habitat for 1995 and 1996 showed 
that the difference between spillover and isolated sites was not significantly different for 
any bird community measure or species density in either year. Thus, there was no 
statistical influence of neighboring habitat structure on either bird community composition 
or individual bird densities.
Several of the bird community measures were significantly different between 
general habitat types. In 1995, both Hill's index and species richness differed significantly 
between habitat types with Coleogyne sites having the lowest average Hill's index (0.68) 
and highest average species richness (6.3). In 1996, Hill's index, species richness, total 
bird density, and black-throated sparrow density all differed significantly between habitat 
types with Coleogyne sites again having the lowest Hill's index (0.67), highest species 
richness (7.5), highest total bird density (29.9), and highest black-throated sparrow density 
(19.4) (Table 3). Since neighboring habitat did not have a statistical affect on bird 
community composition, the spillover sites were combined with the isolated sites in all 
future tests. The next test done was an ANOVA of the differences between habitat and 
year. This test was done on the bird community parameters (Table 7) and on four of the 
bird species (Table 8) for 1995 and 1996. Hill's index, species richness, total bird density, 
and total bird biomass all differed significantly between habitat types. The Coleogyne sites 
had the lowest average Hill's index (0.68), highest average species diversity (6.9), highest 
average number of birds (27.8), and highest average bird biomass (1142 g). In the 
analysis of individual species, the densities of black-throated sparrows, homed larks.
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Table 5: Average bird community parameters and selected species densities for the 
isolated sites and sites neighboring more structurally diverse sites (spillover) within each 
habitat type for 1995 and 1996. Standard deviations are given in parentheses. Sites 
corresponding to isolated or spillover sites are listed in parentheses in the heading. Bird
Larrea Yucca Coleogyne
Year Isolated Spillover Isolated Spillover Isolated Spillover
(L1,L2) (L3,L4) (Y1Y2) (Y3Y4) (C1C2) (C3C4)
Hill's 1995 0.8680 0.9334 0.7600 0.6586 0.6920 0.6710
index (0.0266) (0.0942) (0.0046) (0.0668) (0.0339) (0.0003)
1996 0.9426 0.8730 0.8053 0.7358 0.7282 0.6176
(0.0623) (0.0082) (0.0560) (0.0825) (0.0673) (0.0389)
Species 1995 3(0) 2(1.4) 4(0) 7.5 (3.5) 5.5 (0.7) 7 (1.4)
richness 1996 2.5 (0.7) 2.5 (0.7) 4.5 (0.7) 5.5 (0.7) 6.5 (0.7) 8.5 (2.1)
Total 1995 23 16 20.8 27 23.8 27.8
bird (2.8) (4.2) (2.5) (14.1) (1.1) (5.3)
density 1996 19.8 11.5 17(1.4) 15 31.3 28.5
(11.0) (6.4) (2.8) (4.6) (2.1)
Biomass 1995 961 539 780 1214 947 1123
of birds (43) (266) (29) (720) (168) (433)
(g) 1996 850 419 778 726 1450 1048
(532) (279) (123) (166) (255) (89)
BTSP 1995 16.3 12.5 16.3 16.5 17.25 16.25
(1.7) (0.7) (3.2) (6.4) (0.4) (0.4)
1996 12.3 8 10 8.5 20.8 18
(7.4) (2.8) (4.2) (0.7) (0.4) (4.2)
ATFC 1995 0 1 (1-4) 2.5 (0.7) 4(2.8) 2.5 (0.7) 2.5 (0.7)
1996 0 1.5 (0.7) 4(1.4) 2.5 (2.1) 4.5 (2.1) 1.5 (2.1)
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Table 6: Nested-ANOVA results for the analysis of the difference between isolated sites 
and sites neighboring more complex sites (spillover sites) in 1995 and 1996. This analysis 
was done for the bird community parameters and selected species. For each analysis, site 
location (isolated vs. spillover) was nested within habitat type. Within each habitat type, 
there were two isolated sites and two spillover sites. The affect of habitat and spillover
1995 1996
Source df SS F P SS F P
A - Hill's Index
Habitat 2 0.114 22.49 0.002 0.111 16.78 0.004
Spillover 3 0.014 1.97 0.220 0.022 2.20 0.189
B - Species Richness
Habitat 2 33.17 5.85 0.039 40.67 17.43 0.003
Spillover 3 15.50 1.82 0.243 6.00 1.71 0.263
C - Total Number of Birds
Habitat 2 82.29 0.94 0.440 527.63 8.07 0.020
Spillover 3 104.06 0.80 0.539 79.63 0.81 0.532
D - Total Bird Biomass
Habitat 2 1.9 * 10^ 0.71 0.529 1.1 * 10^ 3.56 0.096
Spillover 3 4.0 * 10^ 0.98 0.461 2.0 * 10^ 0.43 0.740
E - Black-throated Sparrow
Habitat 2 13.04 0.72 0.525 251.79 7.57 0.023
Spillover 3 15.13 0.56 0.664 27.88 0.56 0.661
F - Ash-throated Flycatcher
Habitat 2 16.17 4.22 0.072 15.17 2.84 0.135
Spillover 3 3.25 0.57 0.658 13.50 1.69 0.268
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Table 7 : ANOVA results for the analysis o f the difference in average bird community 
parameters between habitat types and between years along with the interaction of habitat 
with year. In each analysis there were three habitat types and two years (1995 and 1995).
Source df SS F P
A - Hill's Index
Habitat 2 0.22 27.49 0.0001
Year 1 0.002 0.59 0.451
Habitat* Year 2 0.005 0.67 0.523
B - Species Richness
Habitat 2 69.75 13.80 0.0002
Year 1 0.67 0.26 0.61
Habitat*Year 2 4.08 0.81 0.46
C - Total Number o f Birds
Habitat 2 460.58 6.46 0.008
Year 1 38.76 1.09 0.31
Habitat*Year 2 149.33 2.10 0.15
D - Total Bird Biomass
Habitat 2 1.0 * 10® 3.97 0.037
Year 1 4.7 * 10“ 0.36 0.56
Habitat*Year 2 2.7 *10® 1.05 0.37
Table 8; ANOVA results for the analysis of the difference in species density for four 
selected bird species between habitat type and between years along with the interaction 
between habitat and year. For each analysis, there were three habitat types and two years
Source df SS F P
A - Black-throated Sparrow
Habitat 2 164.44 7.50 0.004
Year 1 51.04 4.66 0.045
Habitat*Year 2 100.40 4.58 0.025
B- Ash-throated Flycatcher
Habitat 2 31.08 6.32 0.008
Year 1 0.38 0.15 0.70
Habitat*Year 2 0.25 0.05 0.95
C- Cactus Wren
Habitat 2 6.33 6.71 0.007
Year 1 0.17 0.35 0.56
Habitat*Year 2 0.33 0.35 0.71
D - Homed Lark
Habitat 2 102.08 13.56 0.0003
Year 1 0.042 0.01 0.92
Habitat*Year 2 0.083 0.01 0.99
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ash-throated flycatchers, and cactus wrens all differed significantly between habitat types 
(Table 8). The density o f black-throated sparrows was the only measure found to be 
significantly different between years. In 1995, the average black-throated sparrow density 
was 15.8 (SD=2.7). In 1996, the average density was 12.9 (SD=5.9). Mean black- 
throated sparrow density was also affected by the interaction of habitat and year. This 
was due to the decrease in black-throated sparrow densities on both Larrea and Yucca 
sites fi'om 1995 to 1996 coupled with the increase in their densities on Coleogyne sites 
(Table 3).
The affect of habitat and year on the four original sites for all three years was then 
tested with ANOVA. This was also done for both bird community parameters (Table 9) 
and selected individual species (Table 10). This analysis found that bird community 
measures and individual species densities except for the homed lark differed significantly 
between the two habitat types {Larrea and Yucca). The Yucca sites had the lowest 
average Hill's index (0.75) and highest average species diversity (6.2), total bird density 
(22.7), and bird biomass (1025 g). The Yucca sites also had the highest density of black- 
throated sparrows (13.8), ash-throated flycatchers (4.5), and cactus wrens (1.5). Homed 
lark density was not significantly different between habitat types because only one of the 
Larrea sites had homed larks. Only black-throated sparrow densities differed significantly 
between years. In 1994, black-throated sparrow density averaged 11.7 (SD=2.7), in 1995, 
the average was 17.5 (SD=3.3), and in 1996 the average was 7.3 (SD=1.3). There was no 
significant habitat by year interaction for any of the measures.
Since only black-throated sparrow densities differed between years for all 12 sites 
and the 4 original sites, the survey data firom all three years was combined for the Pearson
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Table 9: ANOVA results for the analysis of the differences in average bird community 
parameters between habitat type and year along with habitat by year interaction for the 
four original sites. For each analysis there were two habitat types and three years (1994,
Source df SS F P
A -m il's Index
Habitat 1 0.11 26.06 0.002
Year 2 0.007 0.90 0.46
Habitat* Year 2 0.006 1.27 0.35
B - Species Richness
Habitat 1 44.08 11.76 0.014
Year 2 0.50 0.07 0.94
Habitat* Year 2 4.17 0.69 0.54
C - Total Number o f Birds
Habitat 1 231.44 5.85 0.052
Year 2 262.54 3.32 0.11
Habitat*Year 2 7.08 0.09 0.92
D - Total Bird Biomass
Habitat 1 1.1 * 10® 8.81 0.025
Year 2 4.7 * 10® 1.88 0.23
Habitat*Year 2 3.4 *10“ 0.13 0.88
Table 10: ANOVA results for the analysis of the differences in average species density  ^for 
four selected bird species between habitat type and year along with habitat by year 
interaction for the four original sites. For each analysis there were two habitat types and 
three years (1994, 1995, and 1996). Averages were judged to be significantly different at
Source df SS F P
A - Black-throated Sparrow
Habitat 1 33.50 9.20 0.023
Year 2 211.21 29.00 0.0008
Habitat* Year 2 5.20 0.71 0.53
B- Ash-throated Flycatcher
Habitat 1 56.77 35.46 0.001
Year 2 0.70 0.22 0.81
Habitat*Year 2 0.74 0.23 0.80
C- Cactus Wren
Habitat 1 7.13 37.58 0.0009
Year 2 0.39 1.02 0.42
Habitat*Year 2 0.39 1.02 0.42
D - Homed Lark
Habitat 1 29.30 2.94 0.14
Year 2 0.59 0.03 0.97
Habitat*Year 2 0.59 0.03 0.97
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product moment correlation analysis and the linear regression analysis even though these 
are not truly independent samples. These analyses were also done for 1994, 1995, and 
1996 separately to see if there were differences in the results for the individual years.
Pearson product-moment correlation analysis was done on all bird community 
measures and the densities of all species recorded during the study. Since there are a large 
number of possible correlations for each bird measure, I used the sequential Bonferroni 
tests to determine the significance of the correlations while holding type-I error at 0.05 
within a given group o f analyses (Rice 1989). For those measures where no correlation 
met the Bonferroni significance level, I have included the correlation with the lowest p 
value.
Correlations for the bird community parameters for all sites combined can be found 
in Table 11. Correlations for 1994, 1995, and 1996 can be found in Appendix B. The 
correlation analysis found that the bird community parameters were correlated with both 
floristic measures (individual plant densities and volumes, plant species diversity) and 
physiognomic measures. In the analysis of all years combined, each community parameter 
was correlated with physiognomic cover diversity (PCD) except for Simpson's index. No 
community parameter was found to be correlated with foliage height diversity. In the 
analysis of the years separately, PCD was again correlated with total bird density, species 
richness, and Hill's index in 1995 along with species richness in 1996. PCD was also 
found to be significant with some of the other community parameters and in other years 
but not at the table-wide 0.05 significance level. At the individual species level, floristic 
and physiognomic measures were again found to both be correlated (Table 12, Appendix
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Table 11: Pearson product-moment correlation results listed as p values for bird 
community parameters when all sites from all three years are combined. Correlations 
listed are significant at the analysis wide p<0.05 level based upon the sequential 
Bonferroni test ^ c e  1989). For those parameters not having any correlation meeting this 
test, the correlation with the lowest p v^ue has been included and marked with an *. 
Negative correlations are in parentheses. In all, a total of 96 correlations are possible in
Hill's
Index
Shannon's
Index
Simpson's
Index
Species
Richness
Total # 
birds
Total Bird 
Biomass
Vol Salvia (0.0001) 0.0002 0.0001
Dens Opuntia 0.0001
Vol Opuntia 0.0003
PLSHN (0.0001)
PIYUCCA (0.0001) 0.0001 0.0001
PICHLA 0.0001 0.0001
PCD (0.0001) 0.0001 0.0001 0.0002 0.0003
PIl 0.0008*
Table 12: Pearson product-moment correlation results listed as p values for selected bird 
species when all sites from all three years are combined. Correlations listed are significant 
at the analysis wide p<0.05 level based upon the sequential Bonferroni test (Rice 1989). 
For those parameters not having any correlation meeting this test, the correlation with the 
lowest p value has been included and marked with an *. Negative correlations are in 
parentheses. In all, a total of 96 correlations are possible in each analysis. Bird species 
abbreviations are those used in Table 3. Plant measure abbreviations are those used in 
Table 2.
BTSP HOLA ATFC CAWR
Dens Menodora
PICHLA
PCD
0.001*
(0.0009)* 0.0012*
0.0004
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B). Many o f the species, though, did not have any correlations for all years combined or 
in separate years that met the table-wide 0.05 significance level.
Stepwise linear regression analysis was used to find which plant measure 
accounted for the greatest amount of variation in the bird measures. This was done for all 
years combined (Table 13) and for 1995 and 1996 separately (Table 14). For the 
combined analysis, all plant measures with a partial greater than 0.2 are included. 
Residual analysis of the linear regression results did not find any violations of the 
assumption o f normality. Plots of the residuals against the independent variables showed a 
general elliptical shape with the higher residuals in the middle of the plot. This was 
especially true for those independent variables with fairly high R^ values. As would be 
expected, independent variables with lower R^ values did show more scatter. Independent 
variables, such as specific plant species measures, that had values of zero on some sites did 
have high residuals for these zero values but had low residuals on the sites where the 
plants were measured.
In the combined analysis, PCD was the only plant measure that accounted for more 
than 20% of the variation in all bird community parameters except for Simpson's Index. 
This result is similar to that found in the Pearson product moment correlation analysis. For 
Simpson's index, P Il accounted for the most variation (R^=0.36, p=0.0008) and foliage 
height diversity (FHD) accounted for 22% (p=0.0012) when combined with PIl. FHD by 
itself, though, is not correlated with Simpson's index. In the analysis of 1995 and 1996 
separately, PCD accounted for the most variation only for Hill's index in 1995, species 
richness in 1995 and 1996, and for total bird density in 1995 (Table 14). For the other 
measures and years, either a floristic measure or a physiognomic measure other than PCD
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Table 13; Stepwise linear regression results for bird community parameters and selected 
bird species when all sites for all three years are combined (28 sites). All plant measures 
having an greater than 0.2 are included along with their partial k  . Bird species 
abbreviations are those used in Table 3 and plant measure abbreviations are those used in 
Table 2.
Factor df Slope P
Hill's index PCD 1 -0.74 0.74 0.0001
Shannon's index PCD 1 2.2 0.59 0.0001
Simpson’s index PIl 1 1.1 0.36 0.0008
FHD -1.2 0.22 0.0012
Species richness PCD 1 14.4 0.71 0.0001
Total bird density PCD 1 35.5 0.42 0.0002
Bird Biomass PCD 1 1821 0.39 0.0003
BTSP Dens Menodora 1 0.005 0.35 0.001
HOLA PCD 1 -12.1 0.35 0.0009
ATFC PCD 1 8.4 0.34 0.0012
Dens Menodora 2 -0.00004 0.39 0.0001
CAWR PICHLA 1 26.9 0.38 0.0004
Dens Juniperus 2 -0.000001 0.21 0.0015
Table 14: Stepwise linear regression results for bird community parameters and selected 
bird species in 1995 and 1996 separately (12 sites). Only the plant measure having the 
highest R^ is included. Bird species abbreviations are those used in Table 3 and plant 
measure abbreviations are those used in Table 2.
Year Factor df Slope R^ P
Hill's Index 1995 PCD 1 -0.83 0.77 0.0002
1996 PIYUCCA 1 -4.8 0.73 0.0004
Shannon's 1995 VolSalvia 1 0.00004 0.66 0.0015
1996 PiCHLA 1 12.13 0.61 0.0029
Simpson's 1995 Vol - Salvia 1 -0.00001 0.48 0.013
1996 Vbl- Psoroth 1 -0.0000007 0.41 0.024
Species 1995 PCD 1 16.0 0.63 0.002
Richness 1996 PCD 1 13.7 0.77 0.0002
Total birds 1995 PCD 1 30.6 0.34 0.047
1996 PlShn 1 19.7 0.68 0.0009
Bird 1995 PICHLA 1 10688 0.29 0.07
biomass 1996 PlShn 1 1054 0.69 0.0008
BTSP 1995 Vol-Lycium 1 -0.00001 0.27 0.09
1996 'Dens-Menod 1 0.008 0.68 0.0009
ATFC 1995 PCD 1 8.5 0.37 0.034
1996 DensOC 1 0.007 0.38 0.034
HOLA 1995 PCD 1 -13.8 0.41 0.026
1996 ~Dens-Lycium 1 0.003 0.46 0.015
CAWR 1995 PiCHLA 1 30.9 0.49 0.01
1996 Vol-Psorot/j 1 0.000004 0.33 0.05
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accounted for the most variation. In the analysis of individual species, PCD was found to 
account for the most variation for homed larks and ash-throated flycatchers while 
proportion if Opuntia (PICHLA) accounted for the most variation in cactus wren density 
(Table 13). Density q îM enodora was found to have the highest for black-throated 
sparrows and the second highest for ash-throated flycatchers. As with the bird community 
parameters, the analysis of 1995 and 1995 separately found different results for each year 
for the individual species (Table 14). In general, R^ values tended to be higher with bird 
community parameters than with individual species densities with species richness and 
Hill's index having the highest R^ correlations.
Principal components analysis was then performed on the plant measures in 1995 
and 1996 to see if they better explained variation in the bird measures (had higher R  ^
values). Separate principal components analysis were done on the plant densities, plant 
volumes, physiognomic measures, and all plant measures combined (Table 15). For each 
analysis, the first five principal components were used in linear regression analysis. 
Principal component of plant densities or all plant measures combined was not found to 
increase R^ values for any bird community measure or individual species. Principal 
component five for plant volumes did increase R^ for black-throated sparrow density in 
1995 (R^ = 0.42, B=1.8, p=0.02) and for ash-throated flycatcher density in 1996 (R^= 
0.43, B=1.3, p=0.02) (see Appendix C for factor loadings). Principal component 4 for 
plant physiognomic measures increased R  ^for ash-throated flycatcher density in 1995 
(R^= 0.40, B=-0.76, p=0.03). Principal component 5 for plant physiognomic measures 
increased R^ for bird biomass in 1995 (R^=0.36, B=169, p=0.04) (see Appendix C for 
factor loadings).
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Table 15: Proportion o f variation explained by the first five principal components in the 
principal components analysis of plant densities, plant volumes, physiognomic measures, 
and all plant measures combined for 1995 and 1996. These principal components were 
then used in stepwise linear regression analysis of the bird community parameters and
Principal
component
Density Volume Physiognomic
measure
All
1995 1996 1995 1996 1995 1996 1995 1996
1 0.43 0.47 0.43 0.48 0.37 0.39 0.38 0.40
2 0.19 0.20 0.26 0.22 0.20 0.21 0.16 0.16
3 0.13 0.13 0.11 0.13 0.15 0.10 0.14 0.14
4 0.10 0.07 0.09 0.07 0.08 0.08 0.10 0.08
5 0.05 0.06 0.05 0.05 0.06 0.06 0.06 0.05
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CHAPTER 4 
DISCUSSION
Habitat type was found to have an effect on bird community composition as seen 
in the statistically significant difference in species richness and Hill's index (evenness) 
between the three habitat types. The Coleogyne sites had the highest species richness and 
lowest evenness of the three habitat types, followed by the Yucca sites and then the Larrea 
sites. Physiognomic cover diversity accounted for most of the variation in species richness 
and evenness along with total bird density and biomass when all years were combined. 
These results support Hypothesis 1, that plant physiognomy as measured by PCD explains 
most of the variation in bird species richness and evenness. There was variation between 
years when analyzed separately with some community parameters better accounted for by 
the proportion of Yucca or Opuntia more than overall PCD or by fioristic measures.
While habitat physiognomy as measured by PCD was the best predictor o f bird species 
richness and evenness, it was in reality the fioristic composition o f the sites that was the 
ultimate predictor of bird community composition since it was the addition o f two specific 
plant genera. Yucca and Opuntia, that led to the addition of more bird species on the sites. 
It is the unique structure of Yucca and Opuntia that many of the birds appear to prefer as 
nest sites as will be discussed below. A habitat type that has a similar numeric PCD to
41
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those in this study but does not contain Yucca and Opuntia would probably not be as 
species rich.
Individual species densities also differed significantly between habitat types. Either 
fioristic or physiognomic measures accounted for the most variation in the species density. 
Thus, Hypothesis 2, that floristics explains most of the variation in individual bird species 
densities is only supported for some of the species (e.g. cactus wren). Black-throated 
sparrow densities also differed statistically between years and there was a habitat-by-year 
interaction. Neighboring habitat was not found to have any statistical affect on bird 
community composition or species densities thus rejecting Hypothesis 3 that bird species 
richness and diversity would be higher on sites neighboring more structurally diverse sites.
Bird Community Parameters 
Total Number of Birds 
The Coleogyne sites had the highest density of birds except for Y3 in 1995 (Table 
3). ANOVA analysis showed that the three habitat types were not significantly different in 
number of birds in 1995, probably due to Y3 (Table 6). In addition, the total number of 
birds per site is highly dependent on the number of black-throated sparrows. There was a 
shift in black-throated sparrows to the higher elevation Coleogyne sites in 1996, thus 
increasing the number o f birds relative to the other habitat types. In addition, homed larks 
were the second most numerous species in the study and thus increase the number of birds 
on the Larrea sites that are relatively species poor compared to the Yucca and Coleogyne 
sites.
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When all years are combined, physiognomic cover diversity accounted for the most 
variation (highest R^) in the number of birds (Table 13). Similar results were found in the 
product moment correlation (Table 11). In 1995, physiognomic cover diversity also 
accounted for the most variation in the number of birds. The measure with the highest R  ^
in 1996 was plant species diversity (Table 14). PCD and plant species diversity are related 
though, since as plant species diversity increases normally so does the diversity of plant 
structural types. Total number of birds was also correlated with physiognomic cover 
diversity in 1995 and 1996 based upon the Pearson product correlation analysis but not at 
the table-wide 0.05 significance level. As would be expected by the Coleogyne sites 
having the highest number of birds in 1996, this measure was also positively correlated 
with fioristic measures such as Coleogyne, Menodora, and Opuntia density and negatively 
correlated with Larrea and Ambrosia density (Appendix B). None of these correlations, 
though, is significant at the table-wide 0.05 level. The large number of birds on the Y3 
site in 1995 clouds the trend o f increasing bird numbers fi-omZurrecr to Coleogyne sites 
and the corresponding correlations seen in 1996. The correlation with physiognomic 
cover diversity, though, is still present. In conclusion, total number of birds per site 
generally increased with increasing physiognomic cover diversity of the site. Thus, the 
more diverse a site was structurally, the more birds the site supported.
Total Bird Biomass
The total bird biomass on the sites is obviously dependent upon the overall number 
of birds and the number of black-throated sparrows on the site. Thus, Coleogyne sites had 
the highest bird biomass, except for the Y3 site in 1995. Biomass differed significantly 
between habitat types for 1995 and 1996 combined and for 1996 separately. Like total
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number of birds, bird biomass did not differ significantly between sites in 1995, probably 
due to Y3. The fact that homed larks were the second most numerous bird balances out 
the sites somewhat. Homed larks also add more biomass to a site than do small birds such 
as rock wrens and hummingbirds. This further evens out the biomasses between the sites.
Combining all three years found physiognomic cover diversity to account for the 
most variation in bird biomass, as it did for total number of birds. PCD was also the only 
plant measure found to be correlated with bird biomass in the combined analysis (Fig. 6). 
Proportion of Opuntia accounted for the most variation in biomass in 1995, but had a p- 
value higher than 0.05. In addition, there were no significant correlations in 1995. 
Principal components analysis for 1995 did find that variation in biomass was best 
accounted for by principal component 5 of the physiognomy measures. This principal 
component relates to increasing variation in total density and maximum height making 
contact along with decreasing bare ground and minimum height making contact (Appendix 
C). This relationship shows an increase in bird biomass with increasing plant densities and 
heights. In 1996, linear regression analysis found that plant species diversity accounted 
for the most variation in biomass, as it did for total bird density. Total biomass was 
positively correlated with plant species diversity along with density of Coleogyne and 
negatively correlated with density o?Larrea. None of these correlations, though, meet the 
table-wide significance of 0.05. Similar to total number of birds, bird biomass showed a 
general trend of increasing with increased physiognomic cover diversity. Thus, more 
structurally diverse habitat types supported more bird biomass. This trend was not as 
strong in 1995, where biomass is more related to overall plant density and height on the 
sites than with the structure of the plants.
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Figure 6; Linear regression of total bird biomass against plant physiognomic cover 
diversity (PCD) for all plots and all study years 1994-1996, n=28.
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Species Richness
There was a definite pattern of increasing species richness fi'om the Larrea sites to 
the Coleogyne sites. The only exception was the Y3 site in 1995, which had the highest 
species richness. Thus, species richness was found to be statistically different between 
habitat types overall and in both 1995 and 1996. Like both total bird density and bird 
biomass, species richness had most of its variation accounted for in the combined analysis 
by physiognomic cover diversity (Fig. 7). In addition, PCD accounted for the most 
variation in both 1995 and 1996. PCD was also positively correlated with species richness 
in all years and overall. The correlations, though, were not significant at the table-wide 
level of 0.05 in 1994 or 1995. Overall, species richness was also positively correlated with 
volume of Salvia and Opuntia, density of Opuntia, and proportion of Yucca and Opuntia 
on the sites. In 1995, species richness was correlated with proportion oîY ucca  and 
Opuntia along with increasing volume of Salvia, although none of these are at the table- 
wide significance level of 0.05. In 1996, Opuntia density was positively correlated with 
species richness. In conclusion, physiognomic cover diversity was the best predictor of 
species richness on a site. These results are similar to those found in other deserts 
(Tomoff 1974, Mares et al. 1977). In addition, species richness also increases with 
increasing amounts of Yucca and Opuntia. As will be discussed later, many o f the species 
require these plant species for nesting and thus do not occur on sites without these plants.
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Figure 7: Linear regression of bird species richness against plant physiognomic cover 
diversity (PCD) for all plots and all study years 1994-1996, n=28.
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Species Diversity and Evenness 
There were three measures of species diversity or evenness used in this study, all 
of which behave slightly different. Simpson's index decreases with increasing species 
diversity while Shannon's index increases with increasing species diversity. Hill's index 
decreases with decreasing evenness, which often accompanies increasing species diversity. 
Since Simpson's and Hill's index behave oppositely of species richness, these values 
decrease firom the Larrea to the Coleogyne sites while Shannon's index increases. Hill's 
index was found to be significantly different between habitat types overall and in 1995 and 
1996. Physiognomic cover diversity accounted for the greatest amount of variation in 
Hill's index overall (Fig. 8) and in 1995. Proportion of Yucca accounted for the most in 
1996. Overall, tCll's index was negatively correlated with PCD, proportion of Yucca, 
plant species diversity, and volume of Salvia. PCD was correlated with Hill's index in 
1995 and proportion of yuccas was correlated in 1996.
Simpson's and Shannon's index have somewhat different relationships with plant 
measures than Hill's index. Combining all three years found that physiognomic cover 
diversity best accounted for variation in Shannon's index, and proportion of plants 
between 1 and 2 meters best accounted for variation in Simpson's index. In 1995, volume 
of Salvia best accounted for variation in both indices. In 1996, proportion o f Opuntia 
accounted for the most variation in Shannon's index while volume of Psorothamnus 
accounted for the most variation in Simpson's index. Overall, Shannon's index was 
positively correlated with PCD, proportion of Yucca and Opuntia, and volume of Salvia. 
Simpson's index was positively correlated with proportion of plants between 1
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Figure 8; Linear regression of BQU's index (evenness) against plant physiognomic cover 
diversity (PCD) for all plots and all study years 1994-1996, n=28.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
50
and 2 meters but not at the table-wide significance level of 0.05. Simpson's and Shannon's 
index also differ somewhat in the correlations in the separate years but none of these are 
significant at the table-wide level (Appendix B). The difference in the relationships and 
correlations is probably due to how these indices weight species. Simpson's index gives 
the more common species more weight than does Shannon's index (Mauer 1985). Many 
of the species in this study are very uncommon and occur as only one or two pairs thus 
producing different trends in the indices. In general, species diversity increased but 
evenness decreased with increasing physiognomic cover diversity and the addition of 
Opuntia and Yucca. Simpson's index, though, increased with increased plant height on the 
sites and did not show any relationship to the structural diversity of the sites. Thus, 
physiognomic cover diversity seems to influence species diversity and evenness through 
the addition o f very rare species that are not captured in Simpson's index.
Individual Species 
Black-Throated Sparrows 
As mentioned above, black-throated sparrows were the most common and most 
numerous species in the study being found on all the sites in the highest densities. Their 
densities ranged firom 6 to 21 pairs per site, although numbers varied greatly between sites 
and between years. Densities were significantly different between habitat types overall and 
in 1996 but not in 1995. Overall and in 1996, the density o îMenodora accounted for the 
most variation in sparrow density. In 1995, volume of Lycium accounted for the most 
variation but was not significant at the 0.05 level. Principal components analysis for 1995 
did find that principal component 5 (eigenvalue=l .02) of plant volumes significantly
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accounted for the most variation. This component signifies increasing volumes of Larrea, 
Ambrosia, Thamnosma, and Pleuraphis along with decreasing volumes o f Krameria, 
Salvia, and Salazaria (Appendix C). Vander Wall and MacMahon (1984), working in the 
Sonoran Desert, also found that black-throated sparrow densities were positively 
correlated with vegetation volume and related this to an increase in prey density with an 
increase in foliage volume. There were no plant measures significantly correlated at the 
table-wide level with black-throated sparrow densities in any year or overall. The 
difference in relationships with plant measures between the years is probably due to the 
increase in black-throated sparrows to Coleogyne sites in 1996 accompanied by their 
decrease on Larrea and Yucca sites. This trend was seen in the significant habitat by year 
interaction (Table 3).
Over the 3 years of the study, there was no visible trend in black-throated sparrow 
habitat selection and their densities do not seem to be influenced by the physiognomic 
cover diversity of the site. This species nests in shrubs and thus is able to find suitable nest 
sites in all of the habitats surveyed. During the study, black-throated sparrow nests were 
found in Larrea, Ambrosia, Krameria, and Coleogyne. Interestingly, no nests were found 
in Opuntia, which is also a suitable nest site (personal observation) and found to be 
important in their distribution in other studies (Tomoff 1974). The shift in black-throated 
sparrow densities to Coleogyne sites in 1996 could be due to changes in food resources 
between years. Thus, black-throated sparrows appear to be habitat generalists in the 
Mojave Desert.
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Homed Lark
Homed larks were the second most numerous bird species on sites where they 
occurred but they were observed on only three of the twelve sites. All o f these sites were 
Larrea sites. Thus their densities were significantly different between habitat types. 
Overall and in 1995, physiognomic cover diversity accounted for the most variation in 
homed lark density. In 1996, Lycium  density accounted for the most variation. In 1995, 
homed larks were negatively correlated with physiognomic cover diversity and proportion 
of Yucca, and positively correlated with Larrea and forb density, and variation in foliage 
height diversity; none o f these were at the table-wide significance level. In 1996, homed 
larks were positively correlated with increasing Lycium and forb density, and negatively 
correlated with physiognomic cover diversity and proportion of Yucca. Again, these were 
not at the table-wide significance level.
Homed larks are ground nesters and seem to prefer the structurally simple Larrea 
sites as seen by their negative relationship with physiognomic cover diversity and cover of 
Yucca in both 1995 and 1996 and overall. They were not found to be correlated with the 
amount o f bare ground so their habitat selection is not simply a function of the amount of 
open area. The Y2 site had the highest amount of bare ground o f  any o f the sites and did 
not have any homed larks. Homed larks were often observed engaged in aerial displays 
and may prefer structurally simple habitats where these displays can be seen for some 
distance and are not obscured by taller plants such as Yucca. This avoidance of habitats 
with tall vegetation has also been found by Rotenberry and Wiens (1980) and Wiens et al 
(1987). The lack of homed larks on the L3 site is difficult to explain. About a third of the 
site had veiy thick Eriogonum inflatum  that covered almost 100% of the ground in
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between the shrubs. The other two thirds o f the site, though, were relatively open and 
similar to the other Larrea sites. Since homed larks are ground nesters, they may prefer a 
certain soil type. Their distribution may also be determined by the availability of food.
The L3 site also had the lowest density o f black-throated sparrows and thus may have had 
very low food resources.
Ash-Throated Flvcatcher 
Ash-throated flycatchers had the third highest densities and were the 
second most common species observed, occurring on nine of the twelve sites and in all 
habitat types. Their densities were variable between years and they were not observed on 
one site in 1996 where they were observed in 1995. They were, though, observed on one 
site in 1996 that they were not observed on in 1995. Ash-throated flycatcher densities 
were not statistically different between habitat types in either 1995 or 1996 but were 
different when both years were combined. Overall, variation in ash-throated flycatcher 
densities was best accounted for by physiognomic cover diversity and density of 
Menodora. PCD also accounted for the most variation in 1995. The density of other 
cactus species besides Opuntia accounted for the most variation in 1996. Principal 
components analysis did flnd slightly better relationships for both years. In 1995, variation 
in ash-throated flycatchers was best accounted for by principal component 4 
(eigenvalue=1.98) of the physiognomic variables. This relationship had a negative slope. 
This principal component signifies decreasing physiognomic cover diversity, proportion of 
Yucca, and proportion of plants greater than 2 meters, along with increasing total plant 
volume and variation in plant densities (Appendix C). In 1996, principal component 5 
(eigenvalue=1.06) of plant volumes accounted for the most variation. This relationship
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had a positive slope. This principal component signifies decreasing Coleogyne and 
Jtmiperus volumes and increasing Ambrosia, Krascheninnikovia, and Lycium volumes 
(Appendix C). This is understandable because of the loss of ash-throated flycatchers off 
of the C3, which has Juniperus and the gain of ash-throated flycatchers on the L3 site 
fi'om 1995 to 1996. In 1995, ash-throated flycatchers were positively correlated with 
proportion of Yucca and physiognomic cover diversity. In 1996, they were positively 
correlated with Psorothamnus volume and density of cacti other than Opuntia. None of 
these correlations is at the table-wide significance level.
Ash-throated flycatchers nest in cavities in the trunks of Yucca schidigera and Y. 
brevifolia and thus require these plants for nesting. This can be seen in their positive 
relationship with Yucca and physiognomic cover diversity in 1995 and overall. Since 
Yucca is one of the components of PCD, the increase in Yucca leads to the increase in 
PCD. Naranjo and Raitt (1993) also found that ash-throated flycatchers increase with 
increasing Yucca cover, which they relate to available nest sites. Interestingly, ash- 
throated flycatchers densities were not related to increased proportion of Yucca or 
physiognomic cover diversity in 1996. This is probably due to their disappearance fi'om 
1995 to 1996 fi'om the C3 site that had relatively high densities o î Yucca and appearance 
at the L3 site that had only a few Yucca. Thus, ash-throated flycatchers do not seem to 
require high densities of their nest plants as seen by their presence on the L3 and L4 sites 
that have only a few Yucca. Vander Wall and MacMahon (1984) also found that Larrea 
sites seemed to be suitable for foraging as long as they contained a few Yucca or trees for 
nesting. Their disappearance firom the C3 site and appearance at the L3 site in 1996 could 
be due to shifts in territory locations (Haila et al 1996). Due to their low numbers on
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these sites, random shifts in territory location could greatly affect their observed densities 
on these sites.
Cactus Wren
Cactus wrens occurred at low densities on the sites where they were observed. 
They were most common on the Yucca sites and were found on only one Coleogyne site in 
1995 but three of four Coleogyne sites in 1996. Their densities were significantly different 
between habitat types. Overall and in 1995, proportion of Opuntia accounted for the most 
variation in cactus wren density. Overall, proportion of Opuntia was the only factor 
significantly correlated with cactus wren density. In 1995, cactus wrens were positively 
correlated with the proportion o f Opuntia on the sites along with Opuntia volume but not 
at the table-wide significance level. This would be expected based on their nesting habits. 
Cactus wrens mainly nest in fairly large Opuntia but will also build nests in Yucca 
schidigera with trunk patterns that can support the nests. Volume of Psorothamnus 
accounted for the most variation in 1996. Cactus wrens do not use Psorothamnus in any 
known way and the correlation may be due to the positive correlation o î Psorothamnus 
with Opuntia and Yucca. Cactus wrens were not observed on any site without either 
Opuntia or Y. schidigera. Their low densities, though, probably lead to their correlation 
pattern in 1996. Vander Wall and MacMahon (1984) and Naranjo and Raitt (1983) also 
found the relationship of cactus wren distribution with Opuntia and Yucca.
Other Species
The rest of the species observed in the study either occurred in very low numbers 
(1 or 2 pairs) on several sites in more than one habitat type or in low numbers on only one 
or two sites. Due to their low densities and occurrences, the habitat selection of these
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species was analyzed only with product moment correlation and not linear regression. 
These low diversities make finding meaningful correlations difficult. Scott's orioles 
occurred in one or two pairs in both Yucca and Coleogyne sites. There were no real 
pattern of correlations with plant measurements and none at the analysis wide significance 
level. Most of the correlations were with fioristic measures except for proportion of 
Yucca in 1994 and proportion of Opuntia in 1996 and overall. Scott's orioles nest in Y. 
schidigera and thus require their presence for a habitat to be suitable. They were not 
observed on the C3 site probably due to the lack of Y. schidigera. Their low numbers on 
the sites they occur on, though, obscure any more detailed pattern of habitat selection and 
is probably why they show no correlation with density of Y. schidigera. Naranjo and Raitt 
(1993) found that Scott's Orioles were positively correlated with the number of 
inflorescences per Yucca and proposed that this species prefers dense clumps of Yucca for 
nesting.
Like the Scott's oriole, loggerhead shrikes and northern mockingbirds were 
observed on both Yucca and Coleogyne sites but only 1 pair of each was observed on any 
one site. Overall, loggerhead shrikes were correlated with density of Y. brevifolia and 
PCD but not at the analysis wide significance level. Northern mockingbirds were 
positively correlated with plant measures that increased on the Coleogyne site such as 
density of Coleogyne and Krascheninnikovia along with PCD and plant species diversity. 
Both species nest in Yucca or trees and thus require these plants for a habitat to be 
suitable. Naranjo and Raitt (1983) also found loggerhead shrikes to be correlated with 
Yucca, which they relate to suitable nests and perching posts.
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Western meadowlarks were found on only two sites in both 1995 and 1996. In 
1995, the meadowlarks were observed on two of the Larrea sites and in 1996 they were 
observed on one Larrea site and one Coleogyne site. Overall, meadowlarks were 
positively correlated with density of Pleuraphis and forbs along with density of Lycium 
and volume o ïKrascheninnikovia. In 1995, the meadowlark was positively correlated 
with the density o f forbs, and in 1996 it was correlated with the density o î Lycium, 
Krascheninnikovia, and Pleuraphis. Meadowlarks, like homed larks, are ground nesters 
and probably prefer open areas with some forb cover for nesting. Meadowlarks are also 
grassland species, and this is evidenced by their correlations with forb or grass measures 
such as forb density or Pleuraphis density. Wiens and Rotenberry (1981), and Wiens et al 
(1987) also found meadowlarks correlated with grass cover.
Except for a hummingbird on the Y3 site in 1995, all others were observed in 
Coleogyne sites. Therefore, their correlations are with plant measures also positively 
correlated with these sites such as Coleogyne density. The house finch was the same as 
the Hummingbird with only one house finch observed on the Y3 site in 1995 and the rest 
observed in the Coleogyne sites that contained trees. The house finch on the Y3 site 
nested in an Opuntia. Both of these species probably are normally found at the higher 
elevation Coleogyne sites but moved down to the Yucca site due to increased rainfall in 
the fall of 1994 and spring of 1995. In addition, house finches require a source of water 
nearby (Vander Wall and MacMahon 1984) and thus there must have been on near the Y3 
site. This is logical due to the rainfall pattems mentioned above since 1995 had the 
highest amount o f rainfall (128.02 mm) and the presence of water near site Y3 was more 
likely than in 1994 or 1996.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
58
The lesser nighthawk was observed in 1994 and 1996 on the Y1 site. This was 
likely the same bird since it was observed in the same area both years. This is a ground 
nester and may prefer certain soil types for nesting in order to better hide the eggs. Like 
the nighthawk, the poorwill was observed on only one site, C4, and was probably the same 
bird. It is also a ground nester and may prefer certain soil types. LeConte's thrasher was 
observed only in 1994 on the Y1 and L3 sites. This thrasher normally nests in Opuntia 
and a nest was found in an Opuntia on the Y1 site. It occurred on the edge of the L3 site 
that bordered Yucca habitat the contained Opuntia and probably did not actually nest on 
the site.
Mourning doves were observed on three sites in 1995 and one site in 1996. They 
can nest anywhere from on the ground to in Yucca. Thus, mourning doves can nest in any 
habitat as was found by Vander Wall and MacMahon (1984) in the Sonoran Desert. They 
do, though, need a water source nearby and this was probably the determining factor for 
which site they occurred on. In 1995, mourning doves were found on the Y3 site, which 
also had a house finch. This further supports the presence of a water source near the site. 
Ladderback woodpeckers were seen on both Yucca sites and Coleogyne sites. They nest 
in the trunks o f Yucca or trees and thus require these plants. Rock wrens occurred only 
on the C3 and C4 sites due to the presence of large rocks in the washes. The western 
kingbird and spotted towhee were both only observed on one site during the study. 
Western kingbirds will feed in open areas but nest in tall plants such as trees or Yucca. 
They will also nest on telephone poles. The towhee nests in Pinus-Juniperus habitat and 
occurred at the edge of the C4.
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Conclusions
Based on the results of this study, it appears that bird community composition and 
bird species density in Mojave Desert scrub is correlated with the diversity of plant 
physiognomic life forms. In general, bird species richness on the sites increased with 
increasing physiognomic diversity of plant life forms (PCD). This increase coincides with 
an increase in different types of nest plants, especially Yucca and Opuntia. Many of the 
individual species also selected habitats based upon the diversity of plant life forms and the 
presence of Yucca and Opuntia. Many o f the species require one o f these plants for 
nesting. These findings are similar to those found by Tomoff (1974) and Mares et al 
(1977). Unlike Tomoff (1974), though, black-throated sparrows did not increase in 
density with increasing Opuntia density.
Similar to Tomoff s 1974 study, no correlation with foliage height diversity was 
found except for as a second variable in stepwise linear regression for Simpson's index. 
Obviously, PCD is somewhat correlated with FHD since the addition of Yucca and tree 
species increase FHD. Opuntia, which was found to be important for some species, does 
not necessarily increase FHD since many of the Opuntia were just under 1 meter in height. 
In addition, some Larrea were over 1 meter in height but are only a suitable nest plant for 
the black-throated sparrow. It is possible that foliage height diversity would become 
statistically correlated with bird community parameters if different plant height intervals 
were used. The intervals used in this study were the same as those used by Austin (1970) 
and Tomoff (1974). Birds in Mojave scrub habitats may respond to plant densities at 
different height intervals than birds in these other habitats. For example, the density of 
foliage within the first 50 cm may be more important to habitat selection for species such
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as the black-throated sparrow than the density of foliage between 50 cm and 1 meter. The 
importance of different foliage height intervals for Mojave Desert birds probably deserves 
further investigation.
There was no statistical influence of neighboring habitat on bird species 
composition or species density. This study, though, did not look at nesting success on the 
different sites. It is still possible that certain habitats act as sources and others as sinks, 
especially for black-throated sparrows. Thus, even though black-throated sparrow 
densities are similar in all habitat types, their nesting success could be different between 
habitat types (van Home 1983). Furthermore, since there was variation in bird community 
parameters between years, a longer term study may find that spillover does occur during 
very rich years. In addition, studies finding an affect of neighboring habitat were done on a 
much larger scale than this study (Cody 1983).
If spillover is occurring, though, it would seem as if it would be easier to observe 
in a smaller scale study due to the short distances birds would have to move in order to 
spillover into other habitats. Thus, the fact that there was no statistical influence of 
neighboring habitats may have been a real phenomenon and would still require some 
explanation. It is possible that most of the bird species in the Mojave are so nest site 
specific that there is no real opportunity for spillover since no nest site would be available. 
This still does not explain why some species with territories in the more stmcturally 
diverse sites are not observed feeding in the neighboring, less structurally diverse sites. If 
nest sites were the only limiting factor, the less structurally diverse sites should have a 
surplus of food resources for the birds in the neighboring habitats to exploit.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
61
Similar to other studies, there was a difference in bird community parameters and 
bird densities between years (Rotenberry and Wiens 1980a). One of the main reasons for 
the difference between years was the shift in black-throated sparrow densities to the 
Coleogyne sites in 1996. This could not be explained by changes in the measured plant 
parameters, since the plant densities change very little between years. Food resources, 
which were not measured, could change between years and may be more important to 
some species than the structure of the vegetation (Knopf et al 1990, Wiens 1991). This is 
especially true for species such as the black-throated sparrow, which is able to fine suitable 
nest sites in any habitat. Seed production and insect populations are also likely directly 
effected by rainfall and possibly winter temperatures (Rotenberry and Wiens 1991). Plant 
phenology, which was also not measured, may change between years due to rainfall and 
temperature pattems and may have an effect on the insect populations and the suitability 
of the plant for nests. Some studies have found that some desert birds initiate breeding 
after rainfall and thus may breed later in the spring or summer compared to other years, or 
may not breed at all in very dry years (Wiens 1991). Also, random shifts in territories, 
especially for rare species, can change species composition on sites (Wiens et al. 1987, 
Haila et al. 1996). Long term studies over much larger areas would probably be needed to 
discem some of these pattems.
In conclusion, this study found that Mojave Desert sites containing both Yucca, 
especially Y. brevifolia, and Opuntia have the highest bird species diversity and support 
the highest number of breeding pairs of birds. Preserving these sites, though, would not 
necessarily preserve all the bird species since the Larrea dominated sites were the only 
sites to have homed larks. This study also did not look at all possible Mojave Desert scmb
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
62
habitat types. Habitats such as Larrea-Atriplex surrounding dry lake beds should also be 
studied for their bird composition. As Wiens (1991) suggests, long term studies also need 
to be performed to investigate the factors behind year-to-year changes in bird species 
composition and densities on sites. These studies should also be carried out over longer 
periods o f time in the year to study the influence of rainfall on the timing of nesting. 
Nesting success rates between sites and between years is another area that probably should 
be studied systematically.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
C D
■ D
OQ.
C
gQ.
■D
CD
C/)
C/) APPENDIX A
8 Bird Survey Results*
3.
3 "
CD
CD■D
OQ.
C
a
o3
"O
o
CDQ.
■D
CD
C / )
C / )
a
Year LI L2 L3 L4 Y1 Y2 Y3 Y4 01 02 03 04
Black-throated 1994 11.25 — - 8.2 - - - 12.9 ——— 14.6 ———
Sparrow [Am phlspiza 1995 17.5 15 13 12 18.5 14 21 12 17 17.5 16 16.5
billneatea) 1996 7 17.5 6 10 7 13 9 8 20.5 21 21 15
Horned Lark 1994 6.75 0 0 0
{Eremophila 1995 7 5 0 5 0 0 0 0 0 0 0 0
alpestris) 1996 5 9 0 4 0 0 0 0 0 0 0 0
Ash-Throated 1994 0 0 . . . 4.5 5.63
Flycatcher {Mylarchus 1995 0 0 0 2 2 3 6 2 3 2 2 3
clnerascens) 1996 0 0 1 2 5 3 4 1 6 3 0 3
Cactus Wren 1994 0 0 1.69 . . . 0.56
{Campylorhynchus 1995 0 0 0 0 1 1 2 1 0 0 0 2
brunnelcaplllus) 1996 0 0 0 0 2 0 2 1 2 1 0 1
Scott's Oriole 1994 0 0 0.28 0.56
(Icterus parisorum) 1995 0 0 0 0 0 0 1 1 1 1 0 0
1996 0 0 0 0 0 1 1 1 2 0 0 1
Loggerhead Shrike 1994 0 0 0.56 . . . 0.56 . . .
(Lanlus ludovlclanus) 1995 0 0 0 0 1 0 1 1 0 1 0 0
1996 0 0 0 0 1 1 1 1 1 1 1 0
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Year Li L2 L3 L4 Y1 Y2 Y3 Y4 01 02 03 04
N. Mockingbird 1994 0 0 0 0.56
{Mimus polyglottus) 1995 0 0 0 0 0 1 1 0 1 1 1 0
1996 0 0 0 0 0 0 0 0 2 1 0 0
W. Meadowlark 1994 0 0 0 . . . 0
{Sturnella neglecta) 1995 0.5 1 0 0 0 0 0 0 0 0 0 0
1996 0 1 0 0 0 0 0 0 0 1 0 0
Broad-tailed 1994 0 0 0 . . . 0
Hummingbird 1995 0 0 0 0 0 0 1 0 1 0 2 1
{Selasphorus platycercus) 1996 0 0 0 0 0 0 0 0 0 0 2 1
House Finch 1994 0 0 0 0
{Carpodacus mexlcanus) 1995 0 0 0 0 0 0 1 0 0 0 2 0
1996 0 0 0 0 0 0 0 0 0 0 3 1
Lesser Nighthawk 1994 0 0 0.56 0
(Chordelles acutlpennls) 1995 0 0 0 0 0 0 0 0 0 0 0 0
1996 0 0 0 0 1 0 0 0 0 0 0 0
LeConte's Thrasher 1994 0 0.28 0.56 0
(roxostom a leconteS) 1995 0 0 0 0 0 0 0 0 0 0 0 0
1996 0 0 0 0 0 0 0 0 0 0 0 0
Mourning Dove 1994 0 0 0 0
{Zenaida macroura) 1995 0 0 0 0 0 0 2 0 0 2 0 3
1996 0 0 0 0 0 0 0 0 0 0 1 0
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Poorwill 1994 0 0 0 0
(Phalaenoptllus nuttalllff 1995 0 0 0 0 0 0 0 0 0 0 0 1
1996 0 0 0 0 0 0 0 0 0 0 0 1
W. Kingbird 1994 0 0 0 0
{Tyrannus vertlcalls) 1995 0 0 0 0 0 0 1 0 0 0 0 0
1996 0 0 0 0 0 0 0 0 0 0 0 0
Ladderback 1994 0 0 0 0
W oodpecker 1995 0 0 0 0 0 0 0 0 0 0 1 1
{Picoides scalaris) 1996 0 0 0 0 0 0 0 1 1 0 1 1
Rock Wren 1994 0 0 0 0
{Salplnctes obsoletus) 1995 0 0 0 0 0 0 0 0 0 0 0 4
1996 0 0 0 0 0 0 0 0 0 0 1 2
Spotted Towhee 1994 0 0 0 0
(PIpllo maculatus) 1995 0 0 0 0 0 0 0 0 0 0 0 0
1996 0 0 0 0 0 0 0 0 0 0 0 1
Total Bird Density 1994 18 8.44 21.1 22.5
1995 25 21 13 19 22.5 19 37 17 23 24.5 24 31.5
1996 12 27.5 7 16 16 18 17 13 34.5 28 30 27
S p ecies Richness 1994 2 2 7 6
1995 3 3 1 3 4 4 10 5 5 6 6 8
1996 2 3 2 3 5 4 5 6 7 6 7 10
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Year LI L2 L3 L4 Y1 Y2 Y3 Y4 Cl C2 C3 C4
Total Biom ass (g) 1994
1995
1996
688.5
991.5 
474
930
1226
258.2
351
221
727
616
984.4
800
865
759
691
933.4
1723
843
705
608
828
1630
1066
1270
816
985
1429
1111
Sim pson's Index 1994
1995
1996
0.5313
0.5688
0.5139
0.5692
0.5134
0.9356
1.0000
0.7551
0.4792
0.4688
0.4304
0.6879
0.3125
0.5734
0.5556
0.4875
0.3587
0.3564
0.5225
0.4083
0.5690
0.3530
0.5285
0.5791
0.4688
0.5089
0.3157
0.3361
Shannon's Index 1994
1995
1996
0.6616
0.6843
0.6792
0.7270
0.7737
0.1461
0.0000
0.4101
0.8785
0.9003
1.1790
0.6528
1.3317
0.8264
0.8548
0.9955
1.5175
1.2622
0.9976
1.2853
0.8981
1.2953
1.0411
0,9311
1.1564
1.1140
1.5523
1.6180
Hill's Index 1994
1995
1996
0.9714
0.8868
0.9866
0.8492
0.8986
0.9236
1.0000
0.8788
0.8668
0.8671
0.7147
0.7567
0.8449
0.7632
0.7657
0.7581
0.6114
0.7941
0.7058
0.6774
0.7159
0.7757
0.6680
0.6806
0.6712
0.6450
0.6708
0.5901
* Individual species densities and total species density are listed as the number of males considered to be nesting on the site. Total 
biomass is the mass of all breeding pairs of species on the site and was calculated using the mass of both the male and female of each 
species.
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Pearson Product Moment Correlation Results*
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Coleogyne Larrea AmbrosI Kramerla Lyclum Psorothamnus
Dens Vol Vol/HA Dens Vol Vol/HA Dens Vol Vol/HA Vol Vol/HA Dens Vol Dens Vol Vol/HA
BTSP-96 0,02 0,002 0,006 0,001 (0,006) 0,011 (0,032)
BTSP-all 0.02 0,001 0,01 (0.01) (0.01) (0,02)
HOLA-95 0,044 0,031
HOLA-96 0,015
ATFC-96 0,034
ATFC-all 0,04 0,005
CAWR-94 0,017 0,02 0,034 0,012 0,045
CAWR-all 0,03 0,0009 0.03
LHSH-95 0,034
NMBD-96 0,003
NMBD-all 0,0002 (0,02)
MELA-96 0,01
MELA-all 0,001
HUBD-95 0,003 0,032 0,007 (0,04) (0,04) (0,03) (0,033) (0,03) (0,028)
HUBD-96 0,0001 0,001 (0,05) (0,04) (0,02)
HUBD-all 0,0001 0,005 0,0001 (0,0009) (0,004) (0,003) (0,002) (0,006) (0,03) (0,04) (0,01) (0,02)
HOFI-95 0,021
HOFI-96 0,0001 0,003 (0,037)
HOFI-all 0,0001 0,0001 (0,02) (0,04) (0,01) (0,04) (0,04) (0,04)
LETH-all 0,005
MODO-all 0,02 0,05 (0,007)
POWO-all 0,002 0,01 (0,03) (0,02) 0,003 0,0001 0,0001
LAWO-96 0,02 0,02 (0,007) (0,006) (0,002)
LAWO-all 0,0001 0,004 0,0001 (0,0002) (0,0003) (0,0006) (0,03) (0,002) (0,04) (0,02) 0,03 0,05
* Values in table are p values. Correlations in parentheses are negative relationships. Correlations at p<0,0005 meet the analysis wide 
p<0.05 significance level based on the sequential Bonferroni tests (Rice 1989).
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APPENDIX c
Principal Components Analysis Factor Loadings* 
Plant Volumes per Hectare. 1995
Plant Species PC 1 PC 2 PC 3 PC 4 PC 5
Coleogyne 0.226 0.069 -0.423 0.109 0.073
Larrea -0.236 -0.139 0.102 -0.005 0.335
Ambrosia -0.217 -0.092 0.183 -0.162 0.281
Krameria -0.116 0.017 0.257 0.367 -0.556
Lycium 0.208 0.141 0.310 -0.216 0.145
Psorothamnus 0.245 -0.207 0.112 0.192 -0.068
Salvia 0.162 0.283 0.066 0.267 -0.240
Ephedra 0.211 0.254 -0.158 0.191 0.190
Menodora 0.261 0.218 -0.074 -0.165 -0.010
Thamnosma 0.056 0.305 0.179 0.339 0.281
Krascheninnikovia 0.147 0.348 0.077 -0.184 -0.017
Pleuraphis -0.016 0.069 -0.004 0.626 0.365
Salazaria 0.235 -0.167 0.147 0.055 -0.338
Eriogortum 0.277 -0.208 0.085 0.006 0.082
Tetradymia 0.104 0.345 0.234 -0.166 0.004
Atriplex 0.289 -0.140 -0.192 -0.029 0.025
Jimiperus 0.067 0.113 -0.581 -0.074 -0.108
Pinus 0.278 -0.207 0.080 0.005 0.081
Quercus 0.277 -0.208 0.085 0.006 0.082
Prunus 0.277 -0.208 0.085 0.006 0.082
Opuntia 0.287 -0.177 0.116 -0.021 0.096
%V 42.7 26.3 11.1 9.4 4.6
* Values in tables are eigenvectors for the first five principal components (PC). %V is the 
percentage o f total variance explained by each principal component.
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Plant Volumes per Hectare. 1996
78
Plant Species PC 1 PC 2 PC 3 PC 4 PC 5
Coleogyne 0.252 0.220 -0.009 0.124 -0.216
Larrea -0.235 -0.233 -0.085 0.171 0.101
Ambrosia -0.146 -0.141 -0.104 0.321 0.325
Krameria -0.101 -0.039 0.391 -0.383 -0.283
Lycium 0.273 -0.132 0.008 0.049 0.270
Psorothamnus 0.268 -0.144 0.179 0.107 -0.045
Salvia 0.156 0.194 0.327 -0.286 0.210
Ephedra 0.199 0.292 0.201 0.196 0.049
Menodora 0.183 0.317 -0.169 -0.030 0.253
Thamnosma 0.041 0.262 0.419 0.262 0.206
Krascheninnikovia 0.164 0.326 -0.143 -0.029 0.340
Pleuraphis -0.003 0.118 0.470 0.326 -0.294
Salazaria 0.073 -0.038 0.100 -0.624 0.195
Eriogortum 0.272 -0.215 0.013 0.022 -0.024
Tetradymia 0.278 -0.196 0.017 0.021 0.034
Atriplex 0.284 -0.059 -0.142 0.001 -0.240
Juniperus 0.071 0.285 -0.317 -0.039 -0.449
Pirms 0.286 -0.148 -0.060 0.013 -0.127
Quercus 0.272 -0.215 0.013 0.022 -0.024
Prunus 0.272 -0.215 0.013 0.022 -0.024
Opuntia 0.280 -0.185 0.017 0.028 0.083
%V 47.7 21.8 12.9 6.7 4.8
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Physiognomie Variables. 1995*
Variable PC 1 PC 2 PC 3 PC 4 PC 5
TOTHIT 0.248 -0.247 0.041 0.042 0.096
TotHitSD 0.198 -0.209 0.151 0.205 0.020
MaxHTT 0.276 -0.159 0.153 0.049 -0.128
MaxHITSD -0.071 0.139 0.434 -0.005 0.206
MinHIT 0.236 -0.061 0.276 0.151 -0.242
MinHITSD 0.016 0.148 0.382 0.029 -0.224
TotVOL 0.128 -0.173 0.205 0.292 0.151
TotDens 0.224 0.273 0.007 0.097 0.071
TotDensSD 0.092 0.125 0.133 0.546 0.211
PlShan 0.175 0.291 0.027 -0.132 0.177
PlShanSD 0.227 0.014 -0.287 0.024 -0.138
BareGr -0.183 0.266 0.075 -0.005 -0.257
PIWDY 0.094 -0.392 0.084 -0.085 -0.157
PIHERB -0.175 0.331 -0.084 0.160 0.114
PITREE 0.278 -0.118 -0.167 -0.012 0.026
PIYUCCA 0.263 0.027 -0.057 -0.279 -0.081
PICHLA 0.177 0.089 -0.286 -0.059 -0.318
PIFORB 0.051 0.099 0.423 -0.184 0.301
PCD 0.240 0.177 0.029 -0.300 0.203
PCDSD 0.213 -0.125 -0.183 0.188 0.309
PIO 0.231 0.255 -0.050 0.098 -0.026
PIl -0.242 -0.247 0.034 -0.065 0.019
PI2 0.165 -0.077 0.222 -0.441 0.087
FHD -0.206 -0.187 0.003 -0.156 0.414
FHDSD -0.258 -0.201 0.018 0.114 0.285
% V 37.4 20.1 14.5 7.9 6.4
* Abbreviations for plant variables are those used in Table 2.
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